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® A transceiver for a cellular telephone, particularly 
a portable telephone, comprises a transmitter (1) and 
a receiver (2) coupled to a common antenna (3) by 
an antenna duplex filter (4). The duplex filter (4) 
comprises two passband filters (5, 6) connected re- 
spectively to the transmitter (1) and the receiver (2). 
The receiver (2) comprises a first amplifier (7). A 
notch filter (8) tuned to the transmit frequency is 



connected to the output of the amplifier (7). The 
notch filter (8) enables the filtering performance of 
the receive filter (6) to be relaxed, and the location of 
the notch filter(s) at the output of amplifier (7) means 
that the insertion loss is less critical. The require- 
ment for lower filtering performance enables the 
duplex filter (4) to be smaller and less costly. 
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RADIO TRANSCEIVER 



This invention relates to a transceiver connpris- 
ing a filtering arrangement for seli8ctiv:ely filtering 
radio frequency signals received from, and trans- 
mitted to, a common antenna. 

The transmitter and receiver of a transceiver 
generally operate at a different respective frequen- 
cy. An antenna d up lexer is often used to couple 
the transmitter and receiver to a common antenna. 
In essence an antenna duplexer comprises two 
different filters in the receive and transmit circuits 
respectively- The filter in the transmit circuit is 
generally designed to attenuate frequencies in a 
stopband including the operating frequency of the 
receiver, while the filter in the receiver circuit at- 
tenuates frequencies in a stopband including the 
operating frequency of the transmitter. 

By way of example US patent No. 4.462,098 
discloses an antenna duplexer comprising receive 
and transmit filters each comprising a cascaded 
arrangement of discrete single pole ceramic 
bandstop/bandpass filters intercoupled by quarter- 
wave transmission lines. US Patent No. 4,431.977 
discloses an antenna duplexer in which the receive 
and transmit filters are formed from a monolithic 
ceramic block comprising several Integral resona- 
tors. The receive and transmit filters may be 
formed from separate blocks or they may be in- 
tegrated into a single block. An older patent, US 
patent No. 3.728,731 discloses an antenna 
duplexer in which the receiver and transmitter fil- 
ters comprise an array of helical resonator fitters 
mounted in a common housing. 

It is well-known that the electrical characteris- 
tics of a filter comprising a cascaded arrangement 
of individual resonators can be varied by changing 
the number of resonators and/or by altering the 
electrical characteristics of the individual resonators 
(or poles) of the filter and/or by altering the nature 
of the coupling between adjacent resonators. 

In cellular radio telephone systems the separa- 
tion between adjacent edges of the receive and 
transmit bandwiths may be relatively close. For 
example in the ETACS cellular system in the Unit- 
ed Kingdom the transmission bandwith is 872-905 
MHz and the receiver bandwith is 917-950 MHz. In 
this case the separation between adjacent edges of 
the receive and transmit bands is 12 MHz. 

The problem which is encountered in cellular 
radio is to use a duplex filter which in the receive 
circuit attenuates the transmitter frequency without 
unduly attenuating the desired receive signal, and 
likewise in the transmit circuit attenuates the re- 
ceiver frequency without unduly attenuating the 
transmit signal. This filtering problem becomes 
more severe when the transmitter is operating to- 



wards the top end of the transmit band, i.e. at a 
frequency close to the receive band, because the 
receive filter must still be able to discriminate and 
pass the desired receive frequency but attenuate 
5 the undesired frequency to a significant extent. In 
order to achieve higher filtering performance the 
duplex filter is generally provided with more poles 
and a more complex physical and electrical con- 
figuration. Consequently, duplex filters with high 
10 filtering performance tend to be both large in size 
and costly to manufacture. The high cost is an 
obvious disadvantage. The large size means that 
high performance filters are not compatible with 
portable transceiver apparatus where miniaturlza- 

15 tion is desirable. 

A further disadvantage of high performance 
duplex filters is the associated insertion loss. That 
is to say. the larger the amount of filtering of the 
undesired signal, the higher is the loss to the 

20 desired signal. 

In duplex radio transceivers it is widely recog- 
nised in the art that the most difficult filtering 
requirement is that of removing the relatively large 
transmitter power from the small signal circuits in 

25 the receiver. A greater level of transmitter power 
can be removed by increasing the receive filter 
performance. However, the larger the amount of 
filtering, then the higher is the loss to the desired 
signal, as mentioned above. In order to maintain 

30 usable receiver sensitivity there is a finite limit to 
the amount of loss that can be tolerated in the 
receiver circuit before amplification. In prior art 
transceivers it has been necessary to strike a deli- 
cate comprise in the receiver circuit between the 

35 requirement to reject transmitter frequencies and 
an acceptable level of insertion loss. 

US Patent No. 3,656,162 discloses a diplexer 
for radio communication in which the antenna du- 
plex filter comprises a passband filter in the re- 

40 ceiver circuit, and in the transmit circuit a low pass 
combined with a notch filter tuned to reject signals 
at the receiver frequency. A drawback of this circuit 
is that the inclusion of a notch filter in the transmit 
circuit necessarily increases the insertion loss in 

45 the transmit circuit. 

According to the present invention there is 
provided a transceiver comprising a radio receiver 
and a radio transmitter operating at a different 
respective frequency, and duplex filtering means 

50 for coupling the receiver and the transmitter to a 
common antenna, the receiver including amplifying 
means having input means and output means, 
wherein the input means of said amplifying means 
is coupled to the duplex filtering means, character- 
ized in that further filtering means are coupled to 
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the output means of said receiver amplifying 
means, and in tliat the further filtering means are 
adapted to attenuate signals including a frequency 
substantially equal to the transmitter operating fre- 
quency. 

By virtue of the further filtering means being 
provided at the output (rather than the input) to the 
first amplifying stage of the receiver the insertion 
loss becomes less critical. Moreover, the presence 
of the further filtering means relaxes the require- 
ment on the stopband performance of the antenna 
duplex filter which thus may be physically and 
electrically less complex in configuration and there- 
fore smaller in size. Since the antenna duplex filter 
may be miniaturized, a radio transceiver in accor- 
dance with the invention may be smaller than its 
prior art counterpart. 

Furthermore because the additional filtering 
means is incorporated in the receiver circuit, there 
is no additional loss to the transmit signal in the 
transmit circuit 

Preferably the further filtering means com- 
prises a notch filter and means may be provided 
for varying the frequency at which the notch filter 
effects maximum attenuation. 

In a particular embodiment the transmitter is 
operable at different frequencies and the notch 
filter is adapted to vary automatically the frequency 
at which maximum attenuation is effected in re- 
sponse to variations in the transmitter operating 
frequency. 

In one embodiment the notch filter Is rendered 
effective only above a threshold value of the trans- 
mit frequency. Below the threshold frequency the 
notch filter is controlled so as to have no appre- 
ciable effect. However, if the receive band is below 
the transmit band the converse would be true. i.e. 
the notch filter would be rendered effective below 
the threshold value. 

An embodiment of the invention will now be 
described, by way of example, with reference to 
the accompanying drawings, in which;- 

Figure 1 is a schematic block diagram of a 
transceiver in accordance with the invention, 
Figure 2 illustrates the filtering characteristics of 
the duplex filter and additional notch filter in the 
receive circuit of a transceiver in accordance 
with the present invention, and 
Figure 3 is a circuit diagram for the receiver 
circuit of the transceiver in Figure 1. 
The transceiver illustrated schematically in Fig- 
ure 1 comprises a transmitter 1 and a receiver 2 
coupled to a common antenna 3 via an antenna 
duplexer 4. As is conventional the transmitter 1 and 
the receiver 2 operate at a different frequency. For 
example in the case of the so-called ETACS cel- 
lular radio system in operation in the UK. the 
receiver is operable in the frequency range 917- 



950 MHz and the transmitter frequency is operable 
in the frequency range 872-905 MHz. The fre- 
quency separation of the transmitter and receiver in 
operation is fixed at 45 MHz. By comparison the 

5 US AMPS cellular radio system has a transmit 
band of 824-849 MHz and a receive band of 869- 
894 MHz, with a 45 MHz channel spacing. 

The antenna duplexer comprises a transmit 
bandpass filter 5 connected to the transmitter 1 

10 and a receiver bandpass filter 6 connected to the 
input of the first amplifying stage 7 of the receiver 
2. The transmit filter 5 is effective to attenuate 
frequencies in a stopband including the operating 
frequency of the receiver 2. Likewise, the receiver 

75 filter 6 is effective to attenuate frequencies in a 
stopband including the operating frequency of the 
transmitter 1. Antenna duplex filters are themselves 
well-known in the art and indeed several types 
were acknowledged in the opening paragraphs of 

20 the present application and so no further details will 
be given here. 

In accordance with the present invention a 
notch filter 8 is connected between the output of 
the amplifier 7 and the remainder of the receiver 9. 

25 The notch filter 8 is tuned to attenuate frequencies 
in a narrow stopband including the transmit fre- 
quency, as discussed in more detail below. 

The relative effect of the bandpass filters 5 and 
6 and the additional notch filter 8 are shown in 

30 Figure 2, in which signal amplitude is shown on the 
vertical axis and frequency on the horizontal axis. 
In the present case the transceiver is intended for 
operation on the ETACS system, but the invention 
is equally applicable to other cellular systems and 

35 indeed to non-cellular radio systems. Curve A, 
shown in a solid line, represents the characteristic 
of the transmit filter 5, from which it can be seen 
that frequencies outside the transmit band 872-905 
MHz are significantly attenuated relative to the fre- 

40 quencies within this range. Curve B, shown in a 
solid line, represents the characteristic of the re- 
ceive filter 6, from which it can be seen that 
frequencies outside the receive band 917-950 MHz 
are significantly attenuated with respect to the fre- 

45 quencies within this range. 

It can also be seen from figure 2 that in the 
range of frequencies fi-f2 (e.g. 895-905 MHz) to- 
wards the top end of the transmit band, the attenu- 
ation afforded by the receiver filter (curve B) is less 

50 than 50dB. Therefore, when the transmitter is op- 
erating in the top portion of the transmit band f i -fz 
the receiver filter will not be able to attenuate these 
frequencies as effectively as frequencies below fi. 
Therefore, the receiver will be subjected to an 

55 undesirably high level of spurious signals related to 
the transmitter frequency. 

The broken-line curve C shows the effect of the 
notch filter 8 In the receiver circuit. The notch filter 
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is tuned to a frequency fo, e.g. 900 MHz, and 
significantly attenuates frequencies in the narrow 
range fi-f2. Indeed, as can be seen from Figure 2 
the attenuation is increased to more that 50dB for 
the full range of frequencies fi-f2. The stppband 5 
width of the notch filter 8 is lypiclny g^TO^ " 

It can be seen from Figure 2 that the problem 
of insufficient attenuation (i.e. less that 50dB) by 
the receive filter 8 is most prominent only in the 
top portion of the transmit band fi-f2. At frequen- io 
cies lower that fi the additional filtering provided by 
the notch filter 8 makes substantially less of an 
important contribution. The notch filter 8 can there- 
fore, to all intents and purposes be dispensed with 
at transmit frequencies below the threshold value 75 
fi. 

To this end the notch filter 8 may be electron- 
ically adjustable to vary the filtering characteristics. 
By applying a control signal Vc to the notch filter 8 
the filtering response can be changed. Thus when 20 
a first signal Vi is applied to the notch filter 8 the 
characteristic denoted by curve C is obtained. 
However, when a second lower valued signal V2 is 
applied to the notch filter a much less significant 
filtering effect is achieved as shown by the char- 25 
acteristic denoted by the broken line curve D in 
Rgure 2. The frequency at which the notch filter 8 
is now effective (i.e. the stopband) may even be 
outside the transmit band so that, to all Intents and 
purposes, the notch filter now offers no useful 30 
contribution to the overall filtering in the receiver 
circuit. The notch filter 8 can now be considered to 
be in a 'parked* state. Only when the transmit 
signal falls within the narrow range fi-f2 is the 
control signal Vc changed from V2 to Vi so that the 35 
filtering characteristic of curve C again becomes 
effective. 

Figure 3 shows, by way of example, a specific 
circuit configuration for the amplifier 7 and notch 
filter 8 in the receiver circuit. In this case the notch 4o 
filter 8 comprises a varactor 10 connected in series 
with a capacitor 1 1 and in parallel with an inductor 
12. A capacitor 13 is connected to a common point 
between the capacitor 11 and the inductor 12. The 
notch filter 8 is designed to resonate at a fre- 45 
quency towards the top part fi to f2 of the transmit 
band. In a specific embodiment implemented by 
the Applicant the capacitor 11 has a value of 12pF, 
the capacitor 13 was 2.7pF. and the inductor 12 
was 6nH. The capacitance of the varactor 10 was so 
variable, e.g. in the range 7-1 3pF. The values of 
these and the various other components shown in 
the circuit of Rgure 3 may of course be varied 
depending on the particular application, and as 
these values will be readily discernible by a person 55 
skilled in the art, no further details will be quoted 
here. NA^th the component values stated above the 
maxim unn attenuation of the notch filter occurred at 
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approximately 900 MHz when a control voltage Vc 
of 2.7V was applied to the varactor 10. By chang- 
ing the control voltage Vc to IV the resonant fre- 
quency could be sparked* at a value below the 
transmit band, as discussed above, so that the 
notch filter 8 to all intents and purposes then has 
no practical effect. 

The network of components 10-13 constituting 
the notch filter 8 is connected to the collector of 
the transistor 7 (via a capacitor) so that significant 
additional attenuation of the transmitter signal is 
achieved at minimal loss to the desired receive 
signal, and without influencing the loss in the trans- 
mit circuit. 

In view of the forgoing description it will be 
evident to a person skilled in the art that various 
modifications may be made within the scope of the 
present invention. For example instead of the notch 
filter becoming effective above a threshold value of 
the transmit frequency, it may alternatively be dy- 
namically tuned to the transmit frequency and so 
provide effective filtering over the complete trans- 
mit band. Furthermore, the notch filter itself need 
not be configured in the way depicted in Figure 3 
and indeed any notch filter arrangement may be 
adopted. In essence the notch filter circuit com- 
prises a reactive element in combination with a 
high Q resonator. In the case of a tunable notch 
filter the reactive element will be capable of elec- 
tronic adjustment. As will be immediately apparent 
to a person skilled in the art suitable reactive 
elements would include a varicap diode, an adjust- 
able choke, or a transistor junction, and suitable 
resonators would include a ceramic dielectric reso- 
nator, a stripline, a microstrip, a choke, a crystal, or 
a SAW resonator. The stopband width of the notch 
filter may of course be selected according to the 
particular circumstances and may be narrower or 
wider than the 6-10 MHz indicated above. Further- 
more a high pass filter may be used instead of a 
notch filter. Rnally although in the embodiment 
described above bandpass filters were used for the 
transmit and receive filters of the- antenna duplexer, 
low pass and high pass filters respecfively may 
equally be used. 

Claims 

1. A transceiver comprising a radio receiver and 
a radio transmitter operating at a different re- 
spective frequency, and 

duplex filtering means for coupling the re- 
ceiver and the transmitter to a common an- 
tenna, 

the receiver including amplifying means 
having input means and output means, 
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wherein the input means of said amplifying 
means is coupled to ttie duplex filtering 
means. 

6 

characterized in that further filtering means 
are coupled to the output means of said re- 
ceiver amplifying means, and in that 

the further filtering means are adapted to io 
attenuate signals including a frequency sub- 
stantially equal to the Lransrnitter operating fre- 
quency. 

2. A transceiver as claimed in claim 1, wherein is 
the further filtering means comprises a notch 
filter. 

3- A transceiver as claimed in claim 2. wherein 

means are provided for varying the frequency 20 
at which the notch filter effects maximum at- 
tenuation. 

4. A transceiver as claimed in claim 3, wherein 

the transmitter Is operable at different frequen- 25 
cies, and the notch filter is adapted to vary 
automatically the frequency at which maximum 
attenuation is effected in response to variations 
in the transmitter operating frequency. 

30 

5- A transceiver as claimed in claim 4, wherein 
the notch filter includes an electronically ad- 
justable reactive device for varying the fre- 
quency at wtiich maximum attenuation is effec- 
ted. 35 

6- A transceiver as claimed in claim 4 or claim 5, 
wherein means are provided for generating a 
control signal Indicative of the transmitter op- 
erating frequency, and the frequency at which 40 
the notch filter effects maximum attenuation is 
varied in response to said control signal. 

7. A transceiver as claimed in any of claims 3 to 

6. wherein the notch filter is rendered effective 45 
at a threshold value of the transmit frequency. 

8. A transceiver as claimed in claim 7, wherein 
the notch filter is controlled in such manner 

that when the transmitter frequency is below 50 
the threshold value the frequency at which the 
notch filter effects maximum attenuation is low- 
er that the transmitter frequency. 
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